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I. Phonon density-of-state analysis for h-BN and graphite/graphene
We calculate phonon dispersions of h-BN, graphite/graphene and graphene/h-BN heterostructures with density functional perturbation theory (DFPT) 1,2 implemented in the Vienna Ab initio Simulation Package (VASP) 3 within local density approximation (LDA) 4 
II. Phonon dispersions of graphene/h-BN heterostructure
In our tunneling devices, single-layer graphene and thin h-BN are sequentially transferred on top of thick h-BN gate-insulating flake without additional efforts on the alignment of crystalline direction of graphene and either probe or bottom h-BN flake [5] [6] [7] , which is confirmed by the absence of additional electronic structures in tunneling spectra due to graphene/h-BN superlattice 8 . In forming graphene/h-BN heterostructures, graphene is aligned on top of h-BN layer in an either AA-or AB-stacking direction. In our tunneling junctions as wide as several microns, however, it is safe to assume that both AA-and AB-stacked graphene/h-BN junctions coexist. Thus, we should expect to measure phonon excitations from both AA-and AB-stacked graphene/h-BN junctions in our tunneling spectra.
As described in the main manuscript, we find that lattice motions of graphene and h-BN layers are influenced more when graphene/h-BN heterojunction is formed in an AA-stacked ( Fig.   S2a ) than in an AB-stacked direction (Fig. S2b) . For an AB-stacked heterojunction, we consider one carbon atom is placed directly on top of a boron atom and the other carbon atom is in the middle of a h-BN hexagon. We find the phonon dispersion of AB´-stacked heterojunction; one carbon atom is placed on top of a nitrogen atom and the other carbon atom is in the middle of a h-BN hexagon, is close to the dispersion of AB-stacked heterostructure, which is reported to be energetically more favorable to other AA-and AB´-stacked junctions 9 .
Different from an AA-stacked graphene/h-BN heterostructure, low-energy out-of-plane motions of graphene and h-BN lattices are slightly modified when graphene is placed on top of h-BN in an AB-stacked direction , remaining the K 6 phonon mode of h-BN close to the excitation of P 2 (Fig. S2b) . In addition, Γ 6-( Γ 2-) phonon mode, out-of-plane motions of graphene, is found to be blue-shifted at ≈ 6 meV much smaller than a ≈ 36 meV-shift for an AAstacked case. The IETS signal relating to Γ 6-( Γ 2-) phonon mode of an AB-stacked graphene/h-BN heterostructure is not observed in our data, probably due to weak IETS signals of the excitation at ≈ 6 meV in the proximity of the Fermi level (Fig. 2) . Note that, however, M 2+ and K 5 phonon modes, which are ascribed to the IETS excitations at ≈ 84 meV (P 5 ) and ≈ 135 meV 
